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@) The rotary drum (1) has a cylindrical portion 
(tubular body portion) (2) formed therein with vent 
holes (16). An annular duct (24) is disposed at the 
outside of the cylindrical portion (2) of the rotary 
drum (1) in a manner to surround the cylindrical 
portion (2). This annular duct (24) is provided with a 
gas supply duct (31) and an exhaust duct (32). In the 
annular duct (24). partition walls (25a and 25b) de- 
fine a vent path (24a). in which the drying gas which 
has been supplied from the gas supply duct (31) 
flows through an accumulated layer (33), and there- 
after, flows to the exhaust duct (32). The direction of 
flow of the drying gas in the vent path (24a) is 
changed over by gas supply-exhaust changeover 
dampers (36 and 37). 
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This invention relates to a granular nnaterial 
coating apparatus, and more particularly to a 
granular material coating apparatus for coating on 
granular nnLaterials such as tablets, granules and the 
like used for pharmaceuticals and food products. 

As an apparatus for applying a sugar-coating or 
film-coating on the surfaces of the granular materi- 
als used as articles to be coated such as the 
tablets, granules used for the pharmaceuticals, 
nuts, confectionery and the like, there have been 
utilized a conventional coating pan and the like in 
the past. However, nowadays, there are mainly 
used coating apparatuses of the type in which air is 
made to flow through an accumulated layer of the 
articles coated in order to facilitate drying of the 
coated articles. 

The coating apparatus of this type includes a 
coating pan rotatable about a horizontal shaft and 
is formed therein with a multiplicate air duct holes. 
Coating solution and binder solution are sprayed 
from a spray nozzle onto the granular materials as 
the articles coated, which is supplied into a coating 
chamber of this coating pan under the rotation of 
the coating pan. 

The type of the coating apparatus, in which the 
air is made to flow through the accumulated layer 
formed in the bottom portion, of the coating cham- 
ber for drying the coated articles, is broadly di- 
vided into two categories. The first one is the 
category in which an exhaust duct for exhausting 
drying air in the coating chamber to the outside is 
fixed to a support base, and an opening portion of 
the exhaust duct is provided in opposing to the 
outer peripheral surface of the coating pan in slid- 
ing contact therewith. The second one is the cate- 
gory in which the exhaust duct extending in parallel 
to a rotatable shaft of the coating pan is secured to 
the outer peripheral surface of the coating pan. 

As the coating apparatus of the first category, 
there is one described in the Japanese Patent 
Application Publication No. 51-18397 (correspond- 
ing to the U.S. Patent No. 3,573,966), which has 
been sold at the market under a trade name of 
"Accelacoater". This coating apparatus is con- 
structed such that there is provided a rotary drum 
formed in a cylindrical portion thereof with a multip- 
licate holes and there is disposed an exhaust de- 
vice connecting to an opening portion which is in 
sliding contact with the outer periphery of this 
rotary drum in opposing to the accumulated layer 
of tablets. The air in the rotary drum is sucked by 
this exhaust device, so that the air which has 
flowed in from the outer periphery of the cylindrical 
portion of the rotary drum , can flow through the 
accumulated layer. 

A coating apparatus improved on the coating 
apparatus of this first category has been proposed 
in the Japanese Patent Laid-Open No. 63-62536. 



This coating apparatus has a circular frame pro- 
vided at the outside of the coating pan, and the 
apparatus is constructed such that at least either 
one of an exhaust path and a gas supply path is in 
5 sliding contact with the frame, so that sealing prop- 
erties can be improved and any coating pan other 
than that having the cylindrical shape can be used 
therefore. 

As the coating apparatus of the second cate- 

70 gory, the one described in the Japanese Patent 
Application Publication No. 50-38713 (correspond- 
ing to U.S. Patent No. 3,834,347) is the coating 
apparatus which has been developed firstly. In the 
coating pan of this coating apparatus, a plurality of 

15 exhaust ducts disposed in parallel to the rotatable 
shaft are secured to the outer peripheral portion of 
the coating pan in such a manner that the exhaust 
ducts cover a multiplicate holes provided in the 
outer peripheral portion of the coating pan. The 

20 respective exhaust ducts extend up to one end 
portion of the coating pan and are connected to the 
exhaust path through a disc valve. The drying gas 
is supplied into the coating pan from another end 
portion toward the center of rotation of the coating 

25 pan, and the drying gas, which has flowed through 
the accumulated material formed at the bottom of 
the coating pan, passes through the exhaust ducts 
located at the bottom and reaches the exhaust 
path. 

30 In this coating apparatus, sealing is not per- 

formed on the outer periphery of the cylindrical 
portion of the coating pan, so that this coating 
apparatus has such an advantage that sealing 
properties can be improved. This coating apparatus 

35 is widely known under a trade name of "hii- 
Coater". 

As an improved type of the second category, 
there is one disclosed in the Japanese Patent Laid- 
Open No. 2-207833 (corresponding to the U.S. 

40 Patent No. 5,050,528). which has the similar sys- 
tem of supplying and exhausting of the drying gas. 
and is known under a trade name of "Aquacoater". 
As a modified example of the second category, 
there is one described in the Japanese Patent 

45 Application Publication No. 62-19135 (correspond- 
ing to the International Application No. 
PCT/EP84/00072). In this coating apparatus, both 
of the gas supplying and the exhausting are per- 
formed through ducts, and the respective ducts, a 

50 gas supply path and an exhaust path are succes- 
sively connected to or shut off by a distributor 
provided at an end of the coating pan. 

In the above-described coating apparatus, 
there is a way of use where the drying gas is made 

55 to flow from the inside to the outside through the 
accumulated layer. On the contrary, there is an- 
other way of use where the drying gas is made to 
flow from the outside to the inside through the 
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accumulated layer. Select ion of eith er one of the 
fl owing direction as described above depends on 
various conditions including the types of the arti- 
cles to be, coated , the progressional stage of pro- 
cess and the like. Accordingly, it is desirable that 
changeover of th e direction of the drying gas c an 
be^e asily nnade. 

Furthermore, there is such a case that, after 
coating is finished to make tablets of one type, 
another type of coating is performed in the same 
coating apparatus. In that case, it is desirable of 
cleaning the coating pan perfectly in the viewpoints 
of GMP (Good Manufacturing Practice) and the 
validation for manufacturing the high quality pro- 
ducts. '. 

However, in the coating apparatus of the first 
category, which is described in the Japanese Pat- 
ent Laid-Open No. 63-62536 as above, it is neces- 
sary to change over a gas supply duct connecting 
to a blower into either lower duct or upper duct, 
otherwise to provide a blast changeover device to 
be connected to a gas supply path and an exhaust 
path. In the apparatus, it is necessary to provide an 
additional mechanism for changing over a direction 
of the flow of the drying air to an opposite direction 
thereto, so that the installation area becomes dis- 
advantageously larger. 

Furthermore, in the coating apparatus of the 
second category, a plurality of ducts" are secured to 
the outer side of the coating pan in the axial 
direction, whereby not only resistance for ventila- 
tion of the drying gas has been increased, but also 
the cleaning works for the coating pan, also for the 
ducts, have been disadvantageously difficult. In or- 
der to manufacture the high quality products, it is 
inevitable to perform the full cleaning works for the 
above-described parts, and there has been the 
difficulties of the cleaning works as the serious 
problem from the viewpoint of GMP and the valida- 
tion. 

It is an object of the present invention to pro- 
vide a coating apparatus, in which the flow of the 
drying gas can be easily changed over, and more- 
over, the cleaning works can be easily performed. 

Tfie above-described objects and other objects 
of the present invention, and the novel features 
thereof will become apparent more fully from the 
description of the specification in conjunction with 
the accompanying drawings. 

The following is a simple explanation of the 
outlines of typical ones out of the inventions dis- 
closed in the present application. 

That is, a rotary drum rotating about a substan- 
tially horizontal axis has a tubular body portion 
formed therein with vent holes, and at the outside 
of the tubular body portion of this rotary drum, 
there is an annular duct fixed to a support base in 
a manner to surround the tubular body portion. A 



gas supply duct and an exhaust duct are provided 
in the annular duct. In the annular duct, there are 
also provided partition walls for defining a flow path 
of the flow of the gas from the gas supply duct to 

5 the exhaust duct through an accumulated layer of 
the granular materia! in the rotary drum. Separation 
members are provided at a first position as a guide 
for flowing the drying gas from the inside to the 
outside of the rotary drum through the accumulated 

10 layer, or at a second position as a gui de for flowing 
the drying a ir from the outs ide to the inside of the 
r otary drum trough the accumulated lavej\ The 
separation members may be composed of gas 
supply-exhaust changeover dampers, which are 

75 changeable between the first position and the sec- 
ond position. 

Furthermore, a central gas supply duct for sup- 
plying the gas to the central portion of the rotary 
drum is connected between a hollow hole formed 

20 in a shaft portion of the rotary drum and the gas 
supply duct. Further, the annular duct is adapted to 
contain the cleaning solution and the rotary drum is 
rotated in a state where the cleaning solution is 
contained, so that the rotary drum can be cleaned. 

25 In the coating apparatus having the above- 

described arrangement, the annular duct is located 
at the outside of the cylindrical portion of the rotary 
drum, and the gas supply duct and the exhaust 
duct are connected to tTiis annular duct, whereby 

30 the drying gas can be directly supplied to or ex- 
hausted from a coating chamber of the rotary drum 
from the annular duct, so that the ventilating resis- 
tance of the drying gas can be greatly decreased, 
and thereby enabling to perform the coating pro- 

35 cesses efficiently. Further, in order to change the 
direction of supplying the drying gas into the rotary 
drum, it is sufficient to change the position of the" 
gas supply-exhaust changeover damper, so that 
the direction change of supply of the drying gas 

40 can be easily performed. Furthermore, the rotary 
drum is rotated in the state where the cleaning 
solution is contained in the rotary drum, so that the 
rotary drum can be easily cleaned. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing an embodi- 
ment of the coating apparatus according to the 
present invention, taken along the line I - I in 
50 Fig. 2. 

Fig. 2 is a sectional view taken along the line II - 
II in Fig. 1. 

Fig. 3(a) is a front view showing another em- 
bodiment of the rotary drum according to the 
55 present invention. 

Fig. 3(b) is a partially enlarged sectional view of 
Fig. 3(a), 
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Fig, 4(a) is a front view showing a main body of 
the rotary drum in another embodiment of the 
present invention. 

Fig. 4(b.) Js a front view showing the main body 
of the rotary drum in a further embodiment of 
the present invention, 

Fig 5 is a partially cutaway front view showing a 
further embodiment of the granular material 
coating apparatus ai^cording to the present in- 
vention, 

Fig. 6 is a partially cutaway side view of Fig. 5, 
and 

Fig. 7 is a sectional view showing the labyrinth 
seal shown in Figs. 5 and 6. 

Embodiments of the present invention will 
hereunder be described in detail with reference to 
the drawings. 

Fig. 1 and 2 are views showing an embodiment 
of the coating apparatus according to the present 
invention. A rotary drum 1 constituting a coating 
pan comprises: a cylindrical portion 2 as being a 
tubular body portion; conical portions 3a and 3b in 
a shape of conical frustum which are integrally 
formed on the cylindrical portion 2 at both sides in 
the axial direction thereof; and a hollow shaft por- 
tion 4a integrally formed on the cylindrical portion 2 
through the conical portion 3a. An opening portion 
4b is formed in the conical portion 3b, The shape 
of the conical portions 3a and 3b may" be a shape 
being straight in the diametral direction to the cylin- 
drical portion 2, a pyramidal shape or a concaved 
shape except for the shape of the conical frustum 
as illustrated. 

The rotary drum 1 is rotatably supported on a 
rest 5 in a manner to be substantially horizontal in 
the axial line thereof. The hollow shaft portion 4a is 
supported by the rest 5 secured to a support base 
7a through a bearing portion 7, and the conical 
portion 3b is supported on the rest 5 through a 
plurality of rollers, not shown, which are in contact 
with a tubular member 8 secured to the outer side 
thereof. These rollers are secured to a support 
member 9 secured to the rest 5, 

In order to drive the rotary drum 1 both in the 
normal and reverse directions, as shown in Fig. -2, 
a chain 14 is wound around a sprocket 12 secured 
to a shaft of a motor 1 1 and then around a sprocket 
13 fixed . to the hollow shaft portion 4a, and thereby 
the rotary drum 1 is rotated by the nriotor 11. 
However, rotation of the motor 1 1 may be transmit- 
ted to the rotary drum 1 through an interlocking 
means such as gears without using the chain. 

In the cylindrical portion 2 of the rotary drum 1 . 
there are formed a multiplicity of vent holes 16 for 
communicating a coating chamber 15 with the out- 
side of the cylindrical portion 2 in a region in- 
dicated by reference character L in the central 
portion in Fig. 2. Each of the vent holes 16 is 



intended for passing the drying gas. and has an 
inner diameter smaller than that of the granular 
material 17. although it is exaggeratedly enlarged 
in the drawing. 

5 Loading of the granular material 17 as articles 

to be coated is performed through the opening 
portion 4b formed in the conical portion 3b. and a 
mouth portion 18 for supplying and exhausting the 
granular material is fixed to the rest 5 through a 

10 support member 18a in a manner to be exposed to 
the opening portion 4b. This mouth portion 18 is 
provided with a lid member 19 for opening or 
closing the mouth portion 18 and with a product 
discharge chute 20 for discharging products after 

75 the coating process is finished. 

A liquid pipe 21 is provided in the hollow shaft 
portion 4 to extend therethrough, and a nozzle 22 
for spraying liquid such as the coating liquid and 
binder liquid is secured to the forward end of the 

20 liquid pipe 21, 

There is provided an annular duct 24 in a 
manner to surround the outer side of the cylindrical 
portion 2. This annular duct 24 is defined by: a 
cylindrical inner wall portion 25 which surrounds 

25 the cylindrical portion 2 through a slit; an outer wall 
portion 26 which is located to the inner wall portion 
25 through a space; and side wall portions 27 and 
28. In the annular duct 24. there is formed a vent 
path 24a located at the outside of the cylindrical 

30 portion 2 in a manner to surround the cylindrical 
portion 2. 

In order to prevent the drying air from leaking 
out in the axial direction through a space formed 
between the cylindrical portion 2 and the inner wall 

35 portion 25. an annular seal member 29a tpeing in 
contact with the side wall portion 27 is provided on 
the outer periphery of the other end portion of the 
cylindrical portion 2, and an annular seal member 
29b is provided in contact with the side wall portion 

40 28 on the outer periphery of the other end portion 
of the cylindrical portion 2. Labyrinth seals are 
used as these seal members 29a and 29b. how- 
ever, contact type seal members made of rubber 
and the like may be used for. 

45 As shown in Fig. 1, a gas supply duct 31 and 

an exhaust duct 32 are respectively connected to 
the top portion of the annular duct 24 in changing 
. their positions each other in the rotational direction 
of the rotary drum 1 , which are communicated with 

50 the vent path 24a respectively, and, in the resp*>o- 
tive ducts 31 and 32, there are formed flow p<i\'ns 
communicated with the vent path 24a. These gas 
supply duct 31 and the exhaust duct 32 may be 
set in positions contrary to the illustrated case in 

55 such a manner that the gas supply duct 31 is to be 
turned into the exhaust duct and the exhaust duct 
32 is turned into the gas supply duct. 
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When the rotary drum 1 is rotated by the motor 
1 1 in the normal direction indicated by an arrow in 
Fig. 1. the granular material 17 loaded into the 
rotary :drum 1 Is partially accompanied around but 
slips down by the gravity, whereby the top surface 
of an accumulated layer 33 of the granular material 
17 is inclined as shown in Fig. 1. 

An opening portion 34 is formed in the inner 
wall portion 25 constituting the annular duct 24 
within a predetermined range from the bottom end 
portion to the normal rotating direction of the rotary 
drum 1 corresponding to the accumulated layer 33. 
and further, an opening portion 35 is formed in the 
inner wall portion 25 in a section between the gas 
supply duct 31 and the exhaust duct 32. 

In the annular duct 24, a gas supply-exhaust 
changeover damper 36 (gas supply-exhaust chan- 
geover means) is openably provided for opening or 
closing the vent path 24a at a first position for 
directly communicating the gas supply duct 31 with 
the coating chamber 15 in the rotary drum 1 
through the opening portion 35 as indicated by 
solid lines in Fig. 1, and at a second position for 
communicating the gas supply duct 31 with the 
vent path 24a in the annular duct 24 as indicated 
by two-dot chain lines. Further, in the annular duct 
24. a gas supply-exhaust changeover damper (gas 
supply-exhaust changeover means) 37 is openably 
provided for opening or closing the vent path 24a 
at a first position for communicating the exhaust 
duct 32 with the vent path 24a as indicated by 
solid lines and at a second position for directly 
communicating the exhaust duct 32 with the coat- 
ing chamber 15 in the rotary drum 1 though the 
opening portion 35 as indicated by two-dot chain 
lines. 

Out of the outer periphery of the cylindrical 
portion 2. a section from the gas supply-exhaust 
changeover damper 36 to one end portion of the 
opening 34 is covered by a partition wall 25a of the 
inner wall portion 25, and a section from the gas 
supply-exhaust changeover damper 37 to the other 
end of the opening 34 is covered by a partition wall 
25b of the inner wall portion 25, In order to prevent 
the drying gas from flowing into or out of a slit 
formed between the partition wall 25a and the 
cylindrical portion 2, seal members 38a and 38b 
are provided at the opposite ends of the partition 
wall 25a in the circumferential direction. In order to 
prevent the drying gas from flowing into a space 
formed between the partition wall 25b and the 
cylindrical portion 2. sealing members 39a and 39b 
are provided at the opposite ends of the partition 
wall 25b in the circumferential direction. 

These sealing members 38a, 38b, 39a and 39b 
may be formed by a seal material such as rubber 
being in sliding contact with the outer peripheral 
portion of the cylindrical portion 2, and there may 



be used tubular members for blowing sealing gas 
onto the outer peripheral surface of the cylindrical 
portion 2 to form air curtains' 

When the gas supply-exhaust changeover 
5 dampers 36 and 37 take the first position respec- 
tively, the drying gas which has flowed in through 
the gas supply duct 31 first flows into the rotary 
drum 1 through the opening portion 35 as shown 
by a solid line arrow, thereafter, flows through the 
10 accumulated layer 33 and further through the open- 
ing portion 34. and flows through the vent path 24a 
along the partition wall 25b, and is guided to the 
exhaust duct 32. 

On the other hand, when the gas supply-ex- 
/5 haust changeover dampers 36 and 37 take the 
second position respectively, the drying gas which 
has flowed in through the gas supply duct 31, is 
guided along the outer periphery of the partition 
wall 25a and flows through the vent path 24a as 
20 indicated by a broken line arrow, thereafter, flows 
into the rotary drum 1 through the opening portion 
34 provided at a position corresponding to the 
accumulated layer 33, and flows through the accu- 
mulated layer 33. Subsequently, the drying gas 
25 starts from the rotary drum 1 , pass through the 
opening portion 35 and is guided to the exhaust 
duct 32. Accordingly, by changing over and moving 
the two gas supply-exhaust changeover dampers 
36 and 37 in synchronisTn. the flowing direction of 
30 the drying gas- can be easily changed. 

The bottom portion of the annular duct 24 is " 
formed to provide a funnel shape as shown in Fig. 
1, and a liquid discharge pipe 42 having an on-off 
cock 41 is connected to the bottom portion. When 
35 the rotary drum 1 is cleaned with the rotary drum 1 
being stopped, the annular duct 24 can be used as 
a container for receiving the cleaning solution, so 
that the rotary drum 1 can be immersedly washed 
by the cleaning solution sprayed from the nozzle 
40 for cleaning which is provided in the rotary drum 1 
or movably formed to be inserted thereinto. In that 
case, not only the inner peripheral surface of the 
rotary drum 1 but also the outer peripheral surface 
of the cylindrical portion 2 can be easily cleaned. 
45 After the cleaning, the cleaning solution can be 
discharged to the outside through the liquid dis- 
charge pipe 42. The cleaning of the rotary drum 1 
may be performed with the drum 1 being rotated. 
Such an arrangement may adopted that, as 
50 shown in Fig. 2, a central gas-supply duct 44 is 
connected to between a hollow hole 43 of the 
hollow shaft portion 4a and the gas supply duct 31. 
and that an on-off damper 45 as being an cn-off 
means may be provided on this central gas-supply 
55 duct 44. This on-off damper 45 is combinedly used 
for on-off operation of the central gas-supply duct 
44 and for on-off operation of the gas supply duct 
31. whereby, the gas supply duct 31 is opened 
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when the on-off damper 45 closes the central gas- 
supply duct 44, and the gas supply duct 31 is 
closed when the central gas supply duct 44 is 
opened.. 

Accordingly, in this case, when the central gas- 
supply duct 44 is opened by the on-off dannper 45 
and the gas supply-exhaust changeover damper 36 
is set at the first position indicated by the solid line 
arrows in Fig. 1 , the drying gas passes through the 
hollow hole 43 of the hollow shaft portion 4a. flows 
from the center portion of the rotary drum 1 out- 
wardly in the radial direction, flows through the 
accumulated layer 33. and thereafter, is discharged 
from the discharge duct 32. A seal member 46 
seals between an opening end of the hollow shaft 
portion 4a and the center gas supply duct 44. 
However, it is possible to eliminate the center gas 
supply duct 44. 

In the coating apparatus illustrated above, 
when sugar coating is performed, the rotary drum 1 
is heated by the heat of the drying gas itself, 
whereby sucrose in the coating solution is dried 
and adheres to the inner wall of the rotary drum 1 . 
However, the sucrose can be prevented from being 
dried and adhering by providing a jacket on the 
partition wall 25a or 25b, or by cooling the conical 
portions 3a and 3b of the rotary drum 1 . When the 
seal members 38a, 38b. 39a and 39b are formed to 
provide air curtain systems, the rotary drum 1 can 
be cooled by air introduced by the air curtain 
systems. Furthermore, a blower for supplying the 
drying gas, a filter for eliminating dust in the drying 
gas, a heat exchanger for heating the drying gas, 
various sensors, a control panel and the like are 
provided, although these parts are not shown. 

As shown in Fig. 2. in order to introduce the 
granular material 17 coated in the rotary drum 1 
into the product discharge chute 20 through the 
opening portion 4b. when the rotary drum 1 is 
reversely rotated, a plurality of product discharge 
members 48 are secured to the inner surface of 
the conical portion 3b of the rotary drum 1 . Guide 
members as shown in the Japanese Patent Laid- 
open No. 1-245845 (corresponding to the U.S. 
Patent No. 5,002.205) are secured to the inner 
surface of the cylindrical portion 2 in opposing to 
the respective product discharge members 48. Ac- 
cordingly, when the rotary drum 1 is reversely 
rotated, the granular material 17 coated in the 
rotary drum 1 is automatically discharged to the 
outside. 

Description will hereunder be given of the coat- 
ing process for the granular material as the articles 
to be coated by the coating apparatus illustrated. 

In Fig, 1, when the two gas supply-exhaust 
changeover dampers 36 and 37 are changed over 
to the respective positions indicated by the solid 
lines to make the drying gas to flow trough, the 



respective gas supply-exhaust changeover dam- 
pers 36 and 37 are set at the positions illustrated. 
First, the lid member 19 is opened to load the 
granular material 17 into the coating chamber 15 of 

5 the rotary drum 1 . Then, in a state where the rotary 
drum 1 is rotated in the normal direction by the 
motor 11, the coating solution is sprayed from the 
nozzle 22 and the drying gas is supplied from the 
gas supply duct 31. 

10 As indicated by the solid lines in Fig. 1. the 

drying gas passes through the opening portion 35, 
and flows into the rotary drum 1 through the vent 
holes 16 formed in the cylindrical portion 2. The 
drying gas further flows through the accumulated 

75 layer 33. passes through the vent holes 16 of the 
rotary drum 1 . and then flows into the annular duct 
24 through the opening portion 34. Thereafter, the 
drying gas which has flowed into the annular duct 
24 passes the exhaust duct 32 and is discharged 

20 to the outside. 

In order to change the method of flowing of the 
drying gas in which the drying gas is made to flow 
first through the accumulated layer 33 and there- 
after flows into the rotary drum 1. the two gas 

25 supply-exhaust changeover dampers 36 and 37 are 
changed over to the respective positions indicated 
by the two-dot chain lines in Fig. 1. In this case, 
the drying gas from the gas supply duct 31 flows 
along the outer periphery "of the partition wall 25a 

30 and flows into the rotary drum 1 through the accu- 
mulated layer 33 from the outside of the rotary 
drum 1. Then, the drying gas which has flowed into 
the rotary drum 1 is guided along the exhaust duct 
32 and discharged to the outside. 

35 Further, as shown in Fig. 2. when the central 

gas-supply duct 44 is connected to between the 
' hollow hole 43 of the hollow shaft portion 4a and 
the gas supply duct 31, the on-off damper 45 is 
operated to open the central gas-supply duct 44 

40 along with closing the gas supply duct 31. and 
further the gas supply-exhaust changeover damper 
37 is set at the position indicated by the solid lines. 
With this arrangement, the drying gas which has 
been supplied from the gas supply duct 31 pass 

45 throuigh the central gas-supply duct 44 and is sup- 
plied to the central portion, of the rotary drum 1 
from the hollow hole 43 formed In the hollow shaft 
portion 4a. The drying gas passes through the 
accumulated layer 33 and flows into the annular 

50 duct 24 located at the outside of the rotary drum 1 . 
and then the drying gas is discharged from the 
exhaust duct 32 to the outside. 

As shown in Fig. 1, the annular duct 24 is 
provided at the outside of the cylindrical portion 2 

55 of the rotary drum 1, whereby the construction of 
the flow paths of the drying gas in supplying and 
exhausting is simplified, and the flow course of the 
drying gas is shortened as a whole, so that resis- 
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tance for ventilation oi the drying gas can be 
decreased, thus enabling to obtain an efficient 
coating apparatus being low in the pressure loss of 
the drying gas. 

W hen cleaning of the rot ary drum 1 is per- 
formed before changing the coating liquid to be 
used or the coating process is performed for a 
predetermined period of time or number of times, 
the cleaning solution is poured in through the open- 
ing portion 4b or through a pour-in opening, not 
shown, in a state v/here the granular material 17 is 
absent. With this arrangement the inner surface of 
the rotary drum 1. and moreover, the inner and 
outer surfaces of the cylindrical portion 2 can be 
cleaned. During cleaning, in order to prevent the 
cleaning solution from leaking out through the gaps 
of labyrinth seals 29a and 29b, expansion seal 
members which are the type of expanding by air 
pressure are assembled near the respective laby- 
rinth seals 29a and 29b, and the expansion seal 
members expand during cleaning, thereby prevent- 
ing the cleaning solution from leaking out through 
the labyrinth seals. 

The illustrated annular duct 24 is formed by the 
inner wall portion 25, the outer wall portion 26, and 
the both sidewall portions 27 and 28. However, the 
annular duct 24 may be formed by the cylindrical 
portion 2 of the rotary drum 1 , the outer wall 
portion 26 and the both side wall portions 27 and 
'28 without using the cylindrical inner wall portion 
25. In that case, partition walls are provided at 
positions in opposing to the partition walls 25a and 
25b as shown in Fig. 1 in a manner to cover the 
outer side of the cylindrical portion 2 through a 
space in the annular duct 24. 

The annular duct 24 covering the outer side of 
the rotary drum 1 has a function as a housing of 
the coating apparatus, but the whole apparatus 
shown in the Figures may be covered by a housing 
not shown. 

Furthermore, in the illustration, the gas supply- 
exhaust changeover dampers 36 and 37, which are 
capable of on-off operating at the first position 
indicated by the solid lines and at the second 
position indicated by the two-dot chain lines, are 
provided in the annular duct 24. However, fixed 
type partition members may be used and secured 
to the respective positions indicated by the solid 
lines. In that case, the drying gas can flow only in 
the direction indicated by the solid lines in Fig. 1. 
On the other hand, the fixed type partition mem- 
bers may be secured to the respective positions 
indicated by the two-dot chain lines. In this case, 
the drying gas can flow only in the direction in- 
dicated by the two-dot chain lines in Fig. 1. 

Fig. 3(a) and 3(b) are the views partially show- 
ing the rotary drum 1 in another embodiment of the 
present invention. In the illustration, circular frame 
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members 51a and 52a are respectively provided at 
opposite end portions in the axial direction of the 
cylindrical portion 2 formed therein with a multiplic- 
ity of vent holes 16. A plurality of partition plates 5,2. 
6 extendino in the radial direction of f (ifj Hn im_i 

r^^ovided at the outside of the cylindrinal norfinn 2 
and at the posi t ion between the both frame mem- ^ 
bers 51a and 51 b. I hen, the frame members 51a 
'ana bib are overlapped with the side wall portions 
70 27 and 28. and the seal members 29a and 29b are 
provided therebetween. The seal members 29a and 
29b as shown in Fig. 3(b) are the contact type 
seals made of rubber, however, the labyrinth seals 
may be used as described above. 
75 Fig. 4(a) is the view partially showing the rotary 

drum in another embodiment of the present inven- 
tion. In this case, the tubular body portion 2 is 
formed to provide a polygonal tubular portion 2a 
which is a hexagon in section, and a partition plate 
20 52 is provided at the outside of a corner portion of 
this polygonal tubular portion 2a. 

Fig, 4(b) is the view partially showing the rotary 
drum in a further embodiment of the present inven- 
tion. In this case, the tubular body portion is 
25 formed to provide a polygonal tubular portion 2b 
which is an octagon in section. Then, the outer 
sides of the corner portions are coincided with the 
outer peripheral surfaces of the frame members 
51a and 51b, whereby The partition plates 52 in 
30 Figs. 3 and 4 are not used. 

As described above, the shape of the tubular 
body portion of the rotary drum 1 is of a tubular 
one, and only if the vent holes 16 are formed, 
various sectional shapes such as an ellipse other 
35 than the hexagon and octagon may be adopted. 

Figs. 5 and 6 are the views showing the further 
embodiment of the granular material coating ap- 
paratus according to the present invention. In these 
drawings, same reference numerals are used for 
40 same or similar members corresponding to ones 
shown in the above embodiments. 

The rotary drum 1 is rotatably supported in a 
housing 60 installed on the rest 5. In this housing 
60, two support plates 61 and 62 are secured with 
45 a predetermined interval therebetween. Two rollers 
63 and 64 are rotatably mounted on the support 
plate 61, and these rollers 63 and 64 support end 
portions of the cylindrical portion 2 of the rotary 
drum 1 . 

50 The hollow shaft portion 4a is rotatably sup- 

ported by the bearing portion 7 secured to the 
support base 7a, and the rotary drum is arranged 
lo rotate both in the normal and reverse directions. 
A cylindrical inner wall portion 25 is secured to 

55 the support plates 61 and 62, and the inner wall 
portion 25 is located at the outside of the cylin- 
drical portion 2 of the rotary drum 1 through a 
space therebetween. In the housing 60, there are 
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provided a horizontal wall portion 65, an inclined 
wall portion 66 and vertical wall portions 67 and 68, 
and an outer wall portion is formed by these wall 
portions: 65 to 68. The support plates 61 and 62 
constitute side walls respectively, and the annular 
duct 24 is formed by the support plates 61 and 62, 
the inner wall portion 25 and the wail portions 65 to 
68. 

The vent path 24a formed by the annular duct 
24 to provide an annular shape at the outside of 
the rotary drum 1 is partitioned into two spaces 
formed of a first gas supply-exhaust space 73 
communicating with the opening portion 35 and a 
second gas supply-exhaust space 74 communicat- 
ing with the opening portion 34, defined by a 
partition plate 71 provided between the horizontal 
wall portion 65 and the partition wall 25b and by 
partition wall 72 provided between the inclined wall 
portion 66 and the partition wall 25a. A further 
partition plate 75 may be provided between the 
vertical wall portion 67 and the partition wall 25a, 

A gas supply duct 81 , having a branching 
portion 81a communicating with the first gas sup- 
ply-exhaust space 73 and a branching portion 81 b 
communicating with the second gas supply-exhaust 
space 74, is connected to the housing 60. Gas 
supply-path changeover dampers 82 and 83 are 
openably provided in the branching portions 81a 
and 81b, respectively. As indicated by solid lines in 
Fig. ^5, when the gas supply-path changeover 
damper 82 is set to open the branching portion 81a 
and the gas supply-path changeover damper 83 is 
set to close the branching portion 81b, the drying 
gas is supplied from the branching portion 81a into 
the coating chamber 15 of the rotary drum 1 
through the first gas supply-exhaust space 73 and 
the opening portion 35. 

As shown in Fig. 6, an exhaust duct 84 is 
connected to the housing 60 adjacent to the gas 
supply duct 81, The exhaust duct 84 has a branch- 
ing portion 84a communicating with the first gas 
supply-exhaust space 73 and a branching portion 
84b communicating with the second gas supply- 
exhaust space 74. Exhaust-path changeover dam- 
pers, not shown, are respectively provided in the 
branching portions 84a and 84b for opening and 
closing the branching portions 84a and 84b alter- 
natively, and whereby the drying gas is exhausted 
through either one of the branching portions 84a 
and 84b. 

As indicted by solid line arrows, with this ar- 
rangement, when the drying gas is supplied from 
the branching portion 81 of the gas supply duct 81 
into the coating chamber 15 through the opening 
portion 35, the drying gas which has flowed 
through the accumulated layer passes through the 
opening portion 34, thereafter, reaches the second 
gas supply-exhaust space 74, passes through the 



branching portion 84b and is exhausted through the 
exhaust duct 84. 

On the other hand, when the drying gas is 
supplied from the branching portion 81b, the gas 

5 supply-path changeover damper 82 in the branch- 
ing portion 81a of the gas supply duct 81 is closed 
at the position shown by two-dot chain lines in Fig. 
5 and the gas supply-path changeover damper 83 
in the branching portion 81b is opened. Further, the 

70 exhaust-path changeover damper formed in the 
branching portion 84a of the exhaust duct 84 is 
opened, and the exhaust-path changeover damper 
formed in the branching portion 84b is closed. With 
this arrangement, the drying gas supplied from the 

75 branching portion 81b flows into the coating cham- 
ber 15 through the second gas supply-exhaust 
space 74 and the opening portion 34, as indicated 
by a broken line arrow. Thereafter, the drying gas 
is exhausted to the outside from the exhaust duct 

20 84 though the opening portion 35 and the branch- 
ing portion 84a, 

Fig. 7 is the enlarged view showing the laby- 
rinth seal 29b shown in Fig. 6. This labyrinth seal 
29a has an annular seal portion 91 on. the rotating 

25 side which is provided on the cylindrical portion 2 
of the rotary drum 1 , and has an annular seal 92 on 
the fixed side which is located at the outside of and 
in opposing to the annular seal 91 through gaps 93. 
The seal portion 92 on thelixed side is fixed to the 

30 support plate 62 by an annular support frame 94. 
The other labyrinth seal 29a shown in Fig. 6 has 
the same construction as the labyrinth seal 29b. 

In a state where the rotary drum 1 is rotated, 
the labyrinth seal 29a and 29b prevent the drying 

35 gas from leaking in the axial direction through gaps 
formed between the cylindrical portion 2 and the 
inner wall portion 25. An expansion seal member 
96 is mounted in an annular groove 95 formed in 
the seal portion 92. When compressed air is sup- 

40 plied into an air chamber 97 formed in the seal 
member 96, the expansion seal member 96 comes 
into tightly contact with the outer peripheral surface 
of the seal portion 91 on the rotating side. With this 
arrangement, leakage of liquid through the gasps 

45 93 can be prevented in a state where the rotary 
drum 1 is stopped.. 

The rotary drum 1 of the coating apparatus 
shown in Figs. 5 and 6 may be formed to provide a 
shape sfiown in Figs. 3 and 4. 

so The invention disclosed by the present inven- 

tion has been described in detail hereinabove in 
coniLinciion with the embodiments, however, the 
picsefit invention should not necessarily be limited 
to Ihe above embodiments and it is needless to 

55 say that the present invention can be variously 
modified within the range not departing from the 
technical gist thereof. 
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For example, not only heated gas but also 
cooled gas nnay be used as the drying gas sup- 
plied into the coating channber 15. 

ThQ: . following is the brief description of the 
effects obtainable by the invention disclosed in the 5 
present application. 

(1 ) The annular duct is provided in a nnanner to 
surround the vent holes formed in the tubular 
body portion at the outside of the tubular body 
portion constituting the rotary drum, and the io 
drying gas Is supplied through the annular duct, 

so that the drying efficiency can be improved 
with low resistance for ventilation of the drying 
gas supplied from the gas supply duct to the 
annular duct. ?5 

(2) The gas supply-exhaust changeover means 
for changing over the flow of the drying gas are 
incorporated in the annular duct, so that the flow 
of the. drying gas can be easily changed by 
actuating the changeover means. 20 

(3) The whole construction of the coating ap- 
paratus is simplified as compared with the con- 
ventional one, so that the installation area can 
be decreased. 

(4) The annular duct is provided at the outside 25 
of the rotary drum in a manner to surround the 
rotary drum and the annular duct is provided 

with the gas supply duct and the exhaust duct, 
whereby the duct extending in the axial direction 
can be dispensed with. The Interior of the duct 30 
becomes free from, contamination and the interi- 
ors of the rotary drum and the annular duct can 
be easily cleaned, so that the high quality coat- 
ing can be achieved, thus enabling to obtain a 
satisfactory coating apparatus from the 35 
viewpoint of GMP (Good Manufacturing Prac- 
tice) and the validation. 



Claims 
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1. A granular material coating apparatus, for 
spraying liquid such as coating solution and 
the like onto a granular materia! to apply coat- 
ing to said granular material, comprising: 

a rotary drum (1) rotated about a substan- 45 
tially horizontal axis and rotatably supported by 
a support base {7a); 

a coating chamber (15) formed in said . 
rotary drum (1), said coating chamber ar- 
ranged to accumulate said granular material at so 
bottom portion thereof; 

a tubular body portion (2) formed in said 
rotary drum (1); 

a multiplicity of vent holes (16) formed in 
said tubular body portion (2), said vent holes 55 
(16) communicating with said coating chamber 
(15); 

an annular duct (24) fixed to said support 



base (7a) in a manner to surround said rotary 
drum (1) and forming a vent path (24a) posi- 
tioned at outside of said tubular body portion 
(2); 

a gas supply duct (31) connecting to said 
annular duct (24) for supplying drying gas; 

an exhaust duct (32) connecting to said 
annular duct (24) for exhausting the drying 
gas; 

partition walls (25a, 25b) forming a flowing 
path in said vent path (24a) from said gas 
supply duct (31) to said exhaust duct (32) 
through the bottom portion of said coating 
chamber (15); and 

separation means (36. 37) provided either 
at a first position for making the drying gas 
flow from said gas supply duct (31) into said 
rotary drum (1). and thereafter, making the 
drying gas flow through said bottom portion 
and guiding the drying gas to said exhaust 
duct (32), or at a second position for making 
the drying gas flow from said gas supply duct 
(31) through said bottom portion, and there- 
after, making the drying gas flow into said 
rotary drum (1) and guiding the drying gas to 
said exhaust duct (32). 

2. The granular material coating apparatus as set 
forth in claim 1 , whe?ein said annular duct (24) 
is defined -by said tubular body portion (2), an 
outer wall portion (26) located in opposing to 
said tubular body portion (2) through a space 
and two side walls (27, 28) provided at op- 
posite sides of said outer wall portion (26), and 
said annular duct (24) and said tubular body 
portion (2) are partitioned from each other by 
partition walls (25a. 25b) with upper and lower 
portions of said annular duct (24) being left. 

3. The granular material coating apparatus as set 
forth in claim 1 ; wherein said annular duct (24) 
is defined by an inner wall portion (25) dis- 
posed at outside of said tubular body portion 
(2) through a space, an outer wall portion (26) 
located in opposing to said inner wiall portion 

(25) through a space, and by. opposite side 
wall portions (27, 28) connecting with said in- 
ner wall portion (25) and said outer wall portion 

(26) at respective opposite end portions there- 
of, and opening portions (35) are respectively 
formed in said inner wall portion (25) in oppos- 
ing to the upper and lower portions of said 
annular duct (24). 

4. The granular material coating apparatus as set 
forth in claim 1 , wherein said partition means is 
formed of a damper (36, 37) which are opena- 
ble and closable at said first position and said 
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second position. 

5. The granular material coating apparatus as set 
forth in any preceding claim, wherein said par- 
tition means includes: 5 

a first gas supply-exhaust changeover 
damper (36) which is changeable over be- 
tween- a first position for directly guiding the 
drying gas supplied from said* gas supply duct 
(31) to said rotary drum (1) and a second io 
position for guiding the drying gas into the 
bottom portion of said rotary drum (1) through 
said annular duct (24); and 

a second gas supply-exhaust changeover 
damper (37) changeable over between a first 75 
position for guiding the drying gas, which has 
flowed into said annular duct (24) from said 
rotary drum (1). to said exhaust duct (32) 
through said annular duct (24) and a second 
position for directly guiding the drying gas, 20 
which has flowed out of said rotary drum (1), to 
the outside. 

6. The granular material coating apparatus as set 
forth in any preceding claim, wherein said ap- 25 
paratus further comprises: 

a hollow hole (43) formed either in one of 
shaft portions (4a) provided at opposite sides 
in axial direction of said tubular body portion 
(2); 30 

a central gas supply duct (44) connecting 
to said gas supply duct (31); and 

an on-off means (45) provided in said cen- 
tral gas supply duct (44) for opening and clos- 
ing a blow path of said central gas supply duct 35 
(44). 

7. The granular material coating apparatus as set 
forth in any one of claims 1 to 6. wherein a 
cleaning solution discharge opening (4b) is 40 
formed at bottonri portion of said annular duct 
(24), and the cleaning solution supplied into 

said annular duct (24) is made to flow into said 
rotary drum (1), so that said rotary drum (1) 
can be cleaned. . 45 

8. A granular material • coating apparatus, for 
spraying liquid such as coating solution and 
the like onto a granular material to apply coat- 
ing to said granular material, comprising: 50 

a rotary drum (1) rotated about a substan- 
tially horizontal axis and rotatably supported by 
a support base (7a); 

a coating chamber (15) formed in said 
rotary drum (1), said coating chamber (15) 55 
arranged to accumulate said granular material 
at bottom portion thereof; 

a tubular body portion (2) formed in said 



rotary drum (1); 

a multiplicity of vent holes (16) formed in 
said tubular body portion (2), said vent holes 
(16) communicating with said coating chamber 
(15); 

an annular duct (24) fixed to said support 
base (7a) in a manner to surround said rotary 
drum (1) and forming a vent path (24a) posi- 
tioned at outside of said tubular body portion 
(2): 

separation means for partitioning interior of 
said annular duct (24) into two spaces formed 
of a first gas supply-exhaust space (73) com- 
municating with upper portion of said coating 
chamber (15) and a second gas supply-ex- 
haust space (74) communicating with lower 
portion of said coating chamber (15) through 
an accumulated layer (33) of said granular 
material; 

a gas supply duct (81) communicating with 
either one of said first gas supply-exhaust 
space (73) and said second gas supply-ex- 
haust space (74), for guiding drying gas; and 

an exhaust duct (84) communicating with 
either another one of said first gas supply- 
exhaust space (73) and said second gas sup- 
ply-exhaust space (74), for guiding the drying 
gas to outside. 
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